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FOUR-PORT PM CIRCULATOR 

The present invention relates generally to optical technology. 

BACKGROUND OF THE INVENTION 

A circulator is often used with other optical devices to achieve certain optical functions. 
For example, a circulator can be used with a Brag Grating to extract an optical signal with a 
particular wavelength from a WDM optical signal. When an optical device such as a Brag 
Grating is manufactured using a Planar Lightwave Circuit ("PLC") or optical waveguide 
technologies, the optical device can become polarization sensitive. One method of using a PLC 
as a polarization insensitive device is to combine the PLC with a Polarization Maintenance 
("PM") circulator. FIGS, la and lb illustrate a four-port PM circulator 100 coupled to a PLC 60 
through two PM fibers 20 and 30. 

As shown in FIG. la, a randomly polarized signal SI, received from optical fiber 10, 
enters port one of PM circulator 100, and is separated into two light signals S2 and S3. Signal S2 
exits from port 2 of PM circulator 100 with the y-polarization and enters PM fiber 20. Signal S3 
exits from port 3 of PM circulator 100 with the y-polarization and enters PM fiber 30. Signals S2 
and S3 are transmitted into PLC 60 through PM fibers 20 and 30 respectively. 

As shown in FIG. lb, optical signal" S2' with the y-polarization, received from PLC 60 
through PM fiber 20, enters port two of PM circulatorlOO, and exits from port four of PM 
circulator 100 as a first component of signal S4 with the y-polarization. Optical signal S3' with 
the y-polarization, received from PLC 60 through PM fiber 30, enters port 3 of PM circulator 
100, and exits from port four of PM circulator 100 as a second component of signal S4 with the 
x-polarization. Combining the first and second components produce signal S4 with a random 
polarization. 

SUMMARY OF THE INVENTION 

In one aspect, the invention provides a four-port circulator. The four-port circulator 
includes a polarization beam splitter, a first reflector, a first non-reciprocal device, a second 
non-reciprocal device, and a second reflector. The first reflector is coupled to the polarization 
beam splitter. The first non-reciprocal device is coupled to the first reflector. The second 
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non-reciprocal device is coupled to the polarization beam splitter. The second reflector is 
coupled to the polarization beam splitter. 

In another aspect, the invention provides a method for transmitting light among a first 
port, a second port, a third port, and a fourth port. The light has either a first polarization or a 
5 second polarization. The method includes the step of forwarding a first light signal received 

from the first port with the first polarization to a polarization beam splitter. The method includes 
the step of directing the first light signal to a first reflector. The method includes the step of 
reflecting the first light signal to a first non-reciprocal device. The method includes the step of 
changing the polarization of the first light signal from the first polarization to a second 
10 polarization. The method includes the step of directing the first light signal to the second port. 

Aspects of the invention can include one or more of the following advantages. A four- 
port circulator is provided that may be constructed with a small number of sub-components. A 
four-port circulator is provided that may have low cost to manufacture. Other advantages will be 
readily apparent from the attached figures and the description below. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. la and lb illustrate a four-port PM circulator coupled to a Planar Lightwave Circuit 
through PM fibers. 

FIG. 2a illustrates light received from fiber 10 with the x-polarization and the 
y-polarization is directed to fibers 20 and 30 respectively with the y-polarization. 
20 FIG. 2b illustrates light received from fiber 20 and 30 with the y-polarization is directed 

to fiber 20 with the y-polarization and the x-polarization respectively. 

FIG. 3 a and FIG. 3b illustrate non-reciprocal device 26 that includes half wave plate 26a 
and Faraday rotator 26b. 


25 and Faraday rotator 36b. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to an improvement in optical technology. The following 
description is presented to enable one of ordinary skill in the art to make and use the invention 
and is provided in the context of a patent application and its requirements. Various modifications 


FIG. 4a and FIG. 4b illustrate non-reciprocal device 36 that includes half wave plate 36a 
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to the invention will be readily apparent to those skilled in the art and the generic principles 
herein may be applied to other embodiments. Thus, the present invention is not intended to be 
limited to the embodiments shown, but is to be accorded the widest scope consistent with the 
principles and features described herein. 


specific components having a specific configuration. Similarly, the present invention will be 
described in terms of four-port PM circulator components having specific relationships, such as 
distances or angles between components. However, one of ordinary skill in the art will readily 
recognize that this method and system will operate effectively for other components having 

10 similar properties, other configurations, and other relationships between components. 

FIGS. 2a and 2b illustrate an implementation of four-port PM circulator 100 (hereinafter 
"circulator 100"). Circulator 100 is coupled to four-optical fibers 10, 20, 30 and 40. Circulator 
100 includes Polarization Beam Splitter ("PBS") 55, reflectors 54 and 58, non-reciprocal devices 
26 and 36, and polarizers 24 and 34. Circulator 100 can optionally includes isolators 12 and 42. 

15 A coordinate system with x, y, and z axes is shown for reference in FIGS. 2a and 2b. 

Circulator 100 performs two functions. The first function is illustrated in FIG. 2a: light 
from optical fiber 10 entering circular 100 with the x-polarization is directed to enter optical fiber 
20 with the y-polarization, and light from optical fiber 10 entering circulator 100 with the 
y-polarization is directed to enter optical fiber 30 with the y-polarization. The second function is 

20 illustrated in FIG. 2b: light from optical fiber 20 entering circulator 100 with the y-polarization 
is directed to enter optical fiber 40 with the y-polarization, and light from optical fiber 30 
entering circular 100 with the y-polarization is directed to enter optical fiber 40 with the x- 
polarization. 


25 passes through isolator 12, and is incident upon PBS 55 in the positive z-direction. 

Light incident upon PBS 55 with the y-polarization passes through PBS 55, non- 
reciprocal device 36, polarizer 34, and enters optical fiber 30 with the y-polarization. When the 
light passes through non-reciprocal device 36, the polarization of the light remains unchanged. 


30 y-direction with the x-polarization. The light traveling in the positive y-direction is reflected by 


5 


The present invention will be described in terms of a four-port PM circulator having 


Referring to FIG. 2a, light with random polarization enters circulator 100 from fiber 10, 


Light incident upon PBS 55 with the x-polarization is reflected by PBS 55 in the positive 
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reflector 58 in the positive z-direction, enters non-reciprocal device 26 with the x-polarization, 
and exits from non-reciprocal device 26 with the y-polarization. The light received from 
non-reciprocal device 26 passes through polarizer 24, and enters optical fiber 30 with the 
y-polarization. 

5 Referring to FIG. 2b, light with the y-polarization enters circulator 100 from fiber 20, 

passes through polarizer 24, enters non-reciprocal device 26 with the y-polarization, and exits 

from non-reciprocal device 26 with the y-polarization. Light received from non-reciprocal 

device 26 with the y-polarization is reflected by reflector 58 in the negative y-direction with the 

z-polarization. Light received from reflector 58 passes through PBS 55 with the z-polarization, 

10 is reflected by reflector 54 in the negative z-direction with the y-polarization, passes through 

isolator 42, and enters optical fiber 40 with the y-polarization. 

Referring still to FIG. 2b, light with the y-polarization enters circulator 100 from fiber 30, 

| passes through polarizer 34, enters non-reciprocal device 36 with the y-polarization, and exits 
i 

from non-reciprocal device 36 with the x-polarization. Light received from non-reciprocal 
[15 device 36 with the x-polarization is reflected by PBS 55 in the negative y-direction, and is 

reflected again by reflector 54 in the negative z-direction. The light received from reflector 54, 
passes through isolator 42, and enters optical fiber 40 with the x-polarization. 

Isolators 12 and 42 may optionally be included to block light. Isolator 12 allows light 
traveling in the positive z-direction to pass though, but blocks light traveling in the negative 
20 z-direction. Isolator 42 allows light traveling in the negative z-direction to pass though, but 
blocks light traveling in the positive z-direction. 

Polarizers 24 and 34 are used to align the polarization of light beams. Light traveling in 
the positive z-direction, after passing though polarizer 24 or 34 and before entering optical fiber 
20 or 30, is substantially aligned with the y-polarization. Light traveling in the negative 
25 z-direction, after passing though polarizer 24 or 34 and before being incident upon reflector 58 or 
PBS 55, is substantially aligned with the y-polarization as well. Polarizers 24 and 34 can be of 
the form of POLARCOR™ manufactured by Corning Inc. 

Non-reciprocal device 26 is constructed in such a way that the polarization of light 
passing though the non-reciprocal device in the positive z-direction will be rotated 90 degrees, 
30 and the polarization of light passing though the non-reciprocal device in the negative z-direction 
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will remain unchanged. Non-reciprocal device 36 is constructed in such a way that the 
polarization of light passing though the non-reciprocal device in the negative z-direction will be 
rotated 90 degrees, and the polarization of light passing though the non-reciprocal device in the 
positive z-direction will remain unchanged. 
: As shown in FIGS. 2a and 2b, non-reciprocal device 26 can be constructed with a half 

wave plate ("HWP") 26a and Faraday rotator 26b. HWP 26a can have its optical axis at an angle 
of 22.5 degrees with respect to the x-direction. Faraday rotator 26b can be constructed in such a 
way that the polarization of a light beam traveling in either the positive z-direction or negative 
z-direction will be rotated +45 degrees with respect to the positive z-axis. 
10 Referring to FIG. 3 a, light enters HWP 26a in the positive z-direction with the 

x-polarization, exits from HWP 26a with the x+y polarization, enters Faraday rotator 26b with 
the x+y polarization, and exits from Faraday rotator 26b with the y-polarization. 

Referring to FIG. 3b, light enters Faraday rotator 26b in the negative z-direction with the 
y-polarization, exits from Faraday rotator 26b with the x-y polarization, enters HWP 26a with the 
1 15 x-y polarization, and exits from HWP 26a with the y-polarization. 

In an alternative implementation, the position of HWP 26a and Faraday rotator 26b can 
be exchanged. 

Non-reciprocal device 36 can be constructed with a HWP 36a and Faraday rotator 36b, as 
shown in FIGS. 4a and 4b. HWP 36a can have its optical axis at an angle of 22.5 degrees with 
20 respect to the x-direction. Faraday rotator 36b is constructed in such a way that the polarization 
of a light beam traveling in either the positive z-direction or negative z-direction will be rotated 
-45 degrees with respect to the positive z-axis. 

Referring to FIG. 4a, light enters HWP 36a in the positive z-direction with the 
y-polarization, exits from HWP 36a with the x-y polarization, enters Faraday rotator 36b with the 
25 x-y polarization, and exits from Faraday rotator 36b with the y-polarization. 

Referring to FIG. 4b, light enters Faraday rotator 36b in the negative z-direction with the 
y-polarization, exits from Faraday rotator 36b with the x+y polarization, enters HWP 36a with 
the x-y polarization, and exits from HWP 36a with the y-polarization. 

In an alternative implementation, the position of HWP 36a and Faraday rotator 36b can 
30 be exchanged. 
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A method and system has been disclosed for providing a four-port PM circulator. 
Although the present invention has been described in accordance with the embodiments shown, 
one of ordinary skill in the art will readily recognize that there could be variations to the 
embodiments and those variations would be within the spirit and scope of the present invention. 
5 Accordingly, many modifications may be made by one of ordinary skill in the art without 
departing from the spirit and scope of the appended claims. 



-6- 


